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Chapter 5- 


Complex Numbers And Quadratic Equations 


SHORT ANSWER TYPE 


1. For a positive integer n, find the value of (1 — 1)" (1 - 1/1)". 
Solution: 

According to the question, 

We have, 


(1-i)"(1-7) =(1-"(1-3), 
= (1 —i)" (1 +1)" | 

= (1 - i7)" 

— ae 

Therefore, (1 — i)" (1 — 1/i)" = 2" 


2. Evaluate 


13 ; 
> (i? +7), 
n=l where neN. 
Solution: 
According to the question, 
We have, 
+m) = +P 
=(14i 1+ 4 24 44 i484 i t+ 84 9 4 04 pl 4 {2 + 71 
i(i* — 1) 
1) la — 
(1 +i) a = 
Iti— | 
a 
( ) i-—1 
=(1+i)1 
=i1t1 
=i-] 
13 
(P+ Pt) =i-1 
n=1 
3. If 
4] bl | 
—— | —| —— | =x+1y 
te | rd, , then find (x, y). 
Solution: 


According to the question, 
We have, 


. ~~ 2 ~~ 2 
, f1i+i fi-1 
xtiy=(= —( 
—i 


1+ 


_(a+i’?y  (a-i? 
(ee) (G2 


) 


(1+2i+?\° (1-21+7) 
~\a41 ) \ iti, 


-@) -G) 


=i - (i) 

= 2i° 

= 0-21 

Thus, (x, y) = (0, -2) 


21 , then find the value of x + y. 


Solution: 
According to the question, 
We have, 
(1+i)* 


x +i “Sa 


a! | 
1 Sai+G 

2 i 
Zl 


2-i 
Rationalizing the denominator. 
2i(2 +i) 
— 2-i)(2+i) 
4i + 2i° 


‘y _ : 100 

= | =a-+ib: 
, then find (a, b). 

Solution: 

According to the question, 


We have, 
a+ib = : 
1+1 
a 
— lit+i1—-i 
‘el ~i)2 100 
1 —-i? 


‘& 100 


100 


Hence, (a, b) = (1, 0) 


6. If a= cos 0 +i sin 0, find the value of 
l+a 


l—a 
Solution: 
According to the question, 
We have, 
a=cos@+isin 0 
1+a (1+cos@)+isin®@ 
214 | (1 —cos@) —isin6 


= : ne ail 
| 2#COS 5 + 12 sing cos 5 


| 8 , 6 6 
in? = ~i2 sin =cos-— 
2 sin 5 17 sin 5 COS> 


7 2cos S (cos : + isin 5) - 


2 
- 2 sing (sin S peas ae 4) he 
_ icos3(cos3 + isin5) 
— sins (i sin S —i*cos °) 
: sn ( sin + cos °) 


= jcot— 
2 


7. If (1 + 1)z = (1 —1) z, then show that z = 1 z. 


Solution: 
According to the question, 
We have, 
(l+i)z=(1-1)z 
1—1_ 
>2=——Z 
1+1 
Rationalizing the denominator, 
We get, 


_a-)a-D, 
_G-)*, 


=<. aan o 
(i—P) 
tear 
— 41 
| Nee" ce 
=—_, = 
_ 2 
= -12 


Hence proved. 


8. If z = x + iy, then show that zz + 2(z + Zz) + b = 0 where beR, representing z in the complex plane 
is a circle. 


Solution: 
According to the question, 
We have, 
Z=xX+1y 
=>Z=x-ly 
Now, we also have, 
ZZ+2(z+z)+b=0 
=> (x +1y) (k-1y) +2 (x +1y+x-1y)+b=0 
>xr’+y+4x+b=0 
The equation obtained represents the equation of a circle. 


9. If the real part of,( z+ 2)/ (z— 1) is 4, then show that the locus of the point representing z in the 
complex plane is a circle. 


Solution: 
According to the question, 
Let z=x+1y 
Now, 


= _ ar 
Z-1 0 xx-+i iv— 
— [xt 2) - — iy][(x— 1) + iy] 
~ [(&-1) -iyl[&- 1) +i] | 
(x—1)(k+ 2) +y* +i[(&+ 2)y—(&— I)y] 
7 (x—1)2+ y? 
According to the question, we have, real part = 4. 
—(k¥- 1) +2) +’ 
— (x-1)?+y2 
=>x?4+x-24+y=4 (x?-2x4+1+4+y’) 
=> 3x? + 3y?-9x +6=0 
The equation obtained represents the equation of a circle. 
Hence, locus of z is a circle. 


10. Show that the complex number z, satisfying the condition arg ((z-1)/(z+1)) = 7/4 lies on a circle. 
Solution: 

According to the question, 

Letz=x+1y 

arg ((z-1)/(z+1)) = 1/4 

=> arg (z— 1)-arg (z+ 1)=7/4 

=> arg (x +iy—1)-—arg (x +1y + 1)=7/4 

=> arg (x —1+1y)-arg (x +1+1y)=7/4 


| ¥ , J ut 
> tall,” —— + tan* =— 
"x Cix+s=s4 
Md me... 
ine nt ie. © 
ra DED 
(e+ 1—xt 1) © | at 
 x?-1+4+y? 4 
ay 

—] ew oo te WE 

K°+ yr 1 


>x’°+y?—-[=2y 
>x?+y’-2v-1E0 
The equation obtained represents the equation of a circle: 


11. Solve that equation |z| = z + 1 + 2i. 
Solution: 
According to the question, 
We have, 
Iz) =z+1+4+2i 
Substituting z = x + 1y, we get, 
=> |x+iy[=x+iy+1+421 


We know that, 

Iz| = VO? + y’) 

V(x? + y?) = (x + 1) + ily + 2) 
Comparing real and imaginary parts, 


We get, 

V(x? +y’)=(x+1) 

And0Q=y+2 

>y=-2 

Substituting the value of y in V(x? + y?) = (x + 1), 
We get, 


> x?4+(-2) =(x +1) 
=> x*+4=x°+2x+4+1 
Hence, x = 3/2 
Hence, z=x+1y 

= 3/2 — 21 


LONG ANSWER TYPE 
12. If |z+1|=z+2 (1 +i), then find z. 
Solution: 
According to the question, 
We have, 
z+ lJ=z+2(1 +1) 
Substituting z = x + 1y, we get, 
=>|xt+iy+l/=x+iy+2(1 +i) 
We know, 
Iz| = V(x" + y’) 
VW(x+ 1° + y?) =(x +2) +i(y+ 1) 
Comparing real and imaginary parts, 
=>V(x+1P+y)=x+2 
And0Q=y+2 
>y=-2 
Substituting the value of y in V((x + 1)? + y?) =x +2, 
=> (k $1)? + (2 =(« 4.29 
>x°+2x¢14+4=%744x 44 
=> 2x=t 
Hence, x = 2 
Hence, z=x+1y 
=Yy-21 


13. If arg (z — 1) = arg (z + 31), then find x — 1: y. where z = x + ly 
Solution: 

According to the question, 

Letz=x+1y 

Given that, 

arg (z— 1) =arg (z + 31) 

=> arg (x +1y— 1) = arg (x +1y + 31) 


> arg (x —1+1y) =arg (x + I(y) =72/4 


yt+3 
x-—l1 x 
 # yti3 
“x-1 x 
=> xy=xy-yt3x—-3 
=> 3x-3=y 


> {x - D/y= 1/3 
Hence, (x— 1): y= 1:3 


14. Show that |(z — 2) / (z — 3)| = 2 represents a circle. Find its centre and radius. 
Solution: 

According to the question, 

We have, 

(z—2)/(z-3)|=2 

Substituting z = x + 1y, we get 

= |(k + iy —2)/(x + iy —3)| =2 

=> |x -—2+iy|=2 |x -—3 +iy| 

=> V((x — 2) + y*) =2V((x -3 +’) 

>x?-4x4+44+y? =4 (x?- 6x +9+4+y’) 

=> 3x* + 3y* — 20x + 32 =0 

20 ay 


=> x 4+ y* — — x =0 
"ha 3 
( a Fi 2,32 100 
=> |x — ye +— — — = 
EE 3 ites 9 


me 


, 105 4 
= (x ~) seed) 


Therefore, centre of circle is (10/3, 0) and radius is 4/9 or 2/3. 


15. If (z-— 1)/(z + 1) is a purely imaginary number (z # —1), then find the value of |z|. 
Solution: 

According to the question, 

Let Z =X 

Now, 


z-1 = x+iy—-1 


z+i x+iy+1 


_(&=1) + iy][&+ 1) -iy] 


[(x+ 1) + iy][@+ 1) —iy] 


7 (x+ 1)?+ y? 


According to the question, we have, 


=—l1 
z+1 is purely imaginary. 


(x*-—1)+y" 
3 Ooo 
(x+1)2+ y? 
>x’-1l+y’=0 

>x’+y’=1 
=> V(x? + y’) = 1 
Hence, |z| = 1 


16. z1 and z2 are two complex numbers such that |z:| = |z2| and arg (z1) + arg (z2) = 7, then show 
that z1 = — 22. 
Solution: 
According to the question, 
Let z1 = |z1| (cos 0; + I sin 01) and z2 = |z2| (cos 02 + I sin 02) 
Given that |z1| = |z2| 
And arg (z1) + arg (z2) =1 
>0:+®=7 
=> 0,;=1—-% 
Now, Z1 = |z2| (cos (a - 02) + I sin (a - @2)) 
=> Z1 = |z2| (-cos 92 + I sin 02) 
=> 71 = -|z2| (cos 02 — T sin 02) 
=> Z1 = - [|z2| (cos 02 —I sin @2)] 
Hence, Z| = -Z2 
Hence proved. 


17. If |zi| = 1 (z1 4-1) and z2 = (z1 — 1) / (z + 1), then show that the real part of z2 is zero. 
Solution: 

According to the question, 

Let z1 =x +1y 


Simla 72-337 H—1 


2,-1  xtHy-1 


 ——— = 
2 Zyt+1 =xt+iyt+i 


[(x—1) +iy][(x+ 1) -iy] 
~ [FD + iyl[(e+ Diy] 
(x?—1)+y? +i[(e+ Dy—- (&— Dy] 

x? +y*—1+ 2iy 
Since x* + y2 = 1 

1—1+2iy 

Zly 

Therefore, the real part of z2 1s zero. 


=0+ 


18. If z1, z2 and 23, z4 are two pairs of conjugate complex numbers, then find arg(z1/z4) + arg(z2/z3). 
Solution: 

According to the question, 

We have, 

Z| and z2 are conjugate complex numbers. 

The negative side of the real axis 

= 11 (cos @; - 1 sin 01) 

=r [cos (-01) + I sin (-81)] 

Similarly, z3 = r2 (cos 92 - 1 sin 02) 

=> Z4 = 12 [cos (-82) + I sin (-02)] 


. Za 
= arg (=) + arg = | = arg(z,) — arg(z,) + arg(z,)— arg(z,) 


if, 

= 0; — (-O2) + (-01) — 82 
= 0; + 02-0); — 02 

= () 


=> are(z1/z4) + arg(Z2/z3) = O 


19. If |z1| = |z2| = ..... = |zn| = 1, then show that |z1+ z2 + 23 + ©... + Zn] =| 1/z1 + 1/z2 + 1/z3 +... + 1/zn 
Solution: 
According to the question, 


We have, 
zi] = |z2| =... = |Zn| = 1 
=> Iz1|? = Iz2|? = ee Zale =| 


> 71Z1=22Z2=73Z3—...=WnZr1= 1 


1 1 1 
—= fy = _ , & = = perp ian = == 
Now. _ _ = = 
Za £99 27 49 bn. 
> [zy +2, +25 +2, ++ Zy| = | + 
1 Z 3 4 | Eo , F 
; : Zi £5 3 Zy 


Hence proved. 


20. If for complex numbers z:1 and 22, arg (z1) — arg (Z2) = 0, then show that |z1 — za] = |z1| — |z2]. 
Solution: 

According to the question, 

Let z1 = |zi| (cos 0; + I sin 01) and z2 = |z2| (cos 02 + I sin 02) 


We have, 

arg (Z1) - arg (z2) =O 
=> 0:-0=0 

=> 01 = 02 


We also have, 
Z2 = |z2| (cos 0; + I sin 61) 
=> Z| — 22 = ((|z1|cos 91 - |z2| cos 01) + 1 ({z1| sin 81 - |z2| sin 81)) 


Hence, |z1—z2| = |z1| - |z2| 
Hence proved. 


21. Solve the system of equations Re (z2) = 0, |z| = 2. 
Solution: 

According to the question, 

We have, 

Re (z*) =0, |z| =2 

Let z= x + 1y. 

Then, |z| = V(x? + y’) 

Given in the question, 

Vixe + y?) =2 


>x?+y?=4... (i) 

Zz” =x’ + 2ixy — y” 

= (x? - y*) + 2ixy 

Now, Re (z”) = 0 

=> x? y*=0... (ii) 

Equating (1) and (11), we get 

= ee ew 

>x=y=+2 

Hence, z=x+1y 

=+ V2 + iv2 

= V2 + iV2, V2 —iv2, -V2 + iv2 and -V2 —iv2 
Hence, we have four complex numbers. 


22. Find the complex number satisfying the equation z+ V2 (z+ 1)|+i=0. 
Solution: 
According to the question, 
We have, 
z+V2\(z+1)/+i=0... (1) 
Substituting z = x + 1y, we get 
>xtiyt+ v2 kk +iy+1)/+i=0 


=x+i(it+y)+v2| VG D?+y2|=0 
=>x+i(1+y)+ V¥2,/(x2+2x+1+y?2)=0 
Comparing real and imaginary parts to zero, we get 
=> xX + /2 x°+2x4+1 +y? = 0 .. (2) 


And, 
y+1=0 
=>y=-l 


Substituting y =— 1 into equation (2), we get 
>x+ V¥2/x2+ 2x+1+1=0 

=> J/2 x2 +.2x +42 =— 

=> 2x*+4x+4=x? 

>x?+4x+4=0 


=> (x +2)?=0 
>x=-2 

Hence, z=x+1y 
=—2-1 


23. Write the complex number 
l-i 
Ya 
T .. iT 
cos— +181 — 
3 3 in polar from. 
Solution: 


According to the question, 
We have, 
1-1 
ee 
| eee 
cos— +1381 — 
3 3 


1 1 
vk tz] 
cosz +ising 


V2 |cosz —isin5| 


cOSs + ising 


= V2 [cos(-= - =) + isin(-> -=)| 


= v3 [cos(-53) + sin(-73) 
= V2 [cos + isin=| 


24. If z and w are two complex numbers such that |zw| = 1 and arg (z) — arg (w) = 77/2, then show 
that Zw =-1. 
Solution: 
Let z = |z| (cos 0; + I sin 8:1) and w = |w| (cos @2 + I sin 02) 
Given |zw| = |z| |w| = 1 
Also arg (z) — arg (w) = 2/2 
=> 0,-0.=7/2 
Now, Z w = |z| (cos 0; - I sin 0:) [w| (cos 02 +I sin 02)g | = 1 
= |z| |w| (cos (-8:) + I sin (-0:)) (cos 82 + I sin 02) 
= 1 [cos (®: — 8:) + I sin (02 — 9:)] 
= [cos (- m/2)- i rs sin (- me) 
= lO - TAamcnr 
Heres proved. 
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expect from joining our group: 
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e Abundance of Content: Members gain access to an extensive repository of 
educational materials tailored to their class level. This includes various formats such 
as PDFs, Word files, PowerPoint presentations, lesson plans, worksheets, practical 
tips, viva questions, reference books, smart content, curriculum details, syllabus, 
marking schemes, exam patterns, and blueprints. This rich assortment of resources 
enhances teaching and learning experiences. 


e Immediate Doubt Resolution: The group facilitates quick clarification of doubts. 
Members can seek assistance by sending messages, and experts promptly respond 
to queries. This real-time interaction fosters a Supportive learning environment 
where educators and students can exchange knowledge and address concerns 
effectively. 


e Access to Previous Years' Question Papers and Topper Answers: The group 
provides access to previous years' question papers (PYQ) and exemplary answer 
scripts of toppers. This resource is invaluable for exam preparation, allowing 
individuals to familiarize themselves with the exam format, gain insights into scoring 
techniques, and enhance their performance in assessments. 


Free and Unlimited Resources: Members enjoy the benefit of accessing an array of 
educational resources without any cost restrictions. Whether its study materials, 
teaching aids, or assessment tools, the group offers an abundance of resources 
tailored to individual needs. This accessibility ensures that educators and students 
have ample support in their academic endeavors without financial constraints. . 


Instant Access to Educational Content: SOE WhatsApp groups are a platform where ~ 
teachers can access a wide range of educational content instantly. This includes study 
materials, notes, sample papers, reference materials, and relevant links shared by 


group members and moderators. 


Timely Updates and Reminders: SOE WhatsApp groups serve as a source of timely 
updates and reminders about important dates, exam schedules, syllabus changes, and 
academic events. Teachers can stay informed and well-prepared for upcoming 
assessments and activities. 


Interactive Learning Environment: Teachers can engage in discussions, ask questions, 
and seek clarifications within the group, creating an interactive learning environment. 
This fosters collaboration, peer learning, and knowledge sharing among group 
members, enhancing understanding and retention of concepts. 


Access to Expert Guidance: SOE WhatsApp groups are moderated by subject matter 
experts, teachers, or experienced educators can benefit from their guidance, 
expertise, and insights on various academic topics, exam strategies, and study 
techniques. 


Join the School of Educators WhatsApp Group today and unlock a world of resources, 
support, and collaboration to take your teaching to new heights. To join, simply click 
on the group links provided below or send a message to +91-95208-77777 expressing 
your interest. 


Together, let's empower ourselves & Our Students and 
inspire the next generation of learners. 


Best Regards, 
Team 
School of Educators 
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1. Share your valuable resources with the group. 

2. Help your fellow educators by answering their queries. 
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enhance learning. Pay now to delve into a world of premium educational content! 


Click here for more details 
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